Background We revisit the question of the role health insurance coverage played in increasing use of skilled birth attendants (SBA) at delivery in Rwanda. Previous studies have suggested that enrollment in Mutuelles health insurance increased the odds of using an SBA by up to 163%. . We also adopt a stronger matching method, coarsened exact matching, to control for model dependence.
Introduction
Failure to use skilled birth attendants (SBA) at delivery continues to be major cause of maternal mortality in subSaharan Africa 1 and countries have adopted varied measures to reverse this practice. 2 Rwanda's Mutuelles health insurance scheme was designed in part, to improve use of SBA at delivery by removing the financial barriers facing poor women. 3 Recent evaluations of the Mutuelles program suggest that enrollment improves health service utilization, but these evaluations suffer from some methodological drawbacks including small sample sizes, short evaluation period and use of weak statistical methods.
Here we take advantage of the latest Rwanda Demographic and Health Survey 3 to re-evaluate the impact of Mutuelles coverage on use of SBA's at delivery. We build on previous studies and adopt coarsened exact matching (CEM) methods that has been shown to be more reliable in addressing model dependence.
Methods
We revisited this question in our paper using more recent data from the Rwanda Demographic Health Survey (RDHS) 2010, in addition to the 2005 and 2008 datasets, analyzed by other studies. 4 We began our analysis by providing clearer definitions of our variables of interest, and specifying defensible inclusion and/or exclusion criteria to ensure comparability across different survey years. The three datasets used different definitions for the same variables. Therefore, we believe having clear definitions of the inclusion and exclusion criteria is important for consistency across the three datasets as well as in getting unbiased estimates. We then tested different model specifications to rule out model dependence. We explored the effect CEM, 5, 6 a more appropriate method, on the estimates. Finally, to optimize the balance between the treated (with Mutuelles) and control (uninsured) groups and matched sample size, we plotted the matching frontiers for the three analyses (full data, nonKigali and ANC) to explore the maximum balance for each possible sample size.
Study sample and variables
In addition to the RDHS 2005 and 2008 datasets, we include the RDHS 2010 dataset that became available after Lu et al.'s study was conducted. RDHS is conducted over a 12-month period to address seasonality issues.
We included all women who gave birth in the year the interview was conducted. The variable used for identifying whether the women received care from a SBA came from answers to the question 'Who assisted with the delivery of (NAME)? Anyone else?' In the 2005 dataset we include those assisted by doctors, nurse/midwives, auxiliary midwives and trained birth attendants as being assisted by SBA during the delivery. In the 2008 and 2010 datasets we include those assisted by doctors, nurse/midwives and auxiliary midwives as being assisted by SBA (there is no option of 'trained birth attendance'). We consider the definition of which health worker is categorized as SBA important in interpreting our results.
Women with either Mutuelles or no insurance were included. We excluded women with other types of insurance, including 'RAMA mutual', 'Other not mutual', 'DK' (2005), 'Rama', 'Mimi', 'Private insurance', 'Others' (2008), and 'Rama', 'MMI', 'Privately purchased/commercial health insurance', and 'Other' (2010).
Lu et al. excluded Kigali and its surroundings because 'the population in those areas have a different socioeconomic profile from populations in other provinces'. To test whether this is a valid reason for excluding Kigali, we conducted the analyses using the entire dataset (including Kigali and its surroundings), as well as subgroup analyses on the population in Kigali.
We hypothesized that the impact of Mutuelles coverage on SBA use differs with whether the woman has access to SBA or not. For example, if a woman in an area without a nearby facility with SBA, whether she is enrolled in Mutuelles may not affect her decision to seek SBA care. Since there are not distance-to-facility measures in the dataset, we use whether the woman had antenatal care prior to giving birth as a proxy for access to SBA care. We conducted a subgroup analysis for women who had antenatal care to estimate whether a woman with Mutuelles, given that she has access to a SBA facility, receives SBA care during delivery.
We controlled for the year effect, age and sex of the household head, age and schooling level of the woman (0 = no schooling, 1 = otherwise), rural residence, wealth quintiles (as defined by the RDHS), and radio ownership. We treated the age of the household as a continuous variable instead of a categorical one.
We conduct three types of analyses-one with the full sample as described above, one with just non-Kigali regions, and one with only women who had ANC prior to delivery.
Statistical analyses
We first ran a logistic regression model to estimate the impact of Mutuelles on the use of SBA at delivery, controlling for the variables listed above. We then applied CEM, a nonparametric method that temporarily coarsens the data to mitigate potential selection biases. 6 We deviated from the use of propensity score matching (PSM) method used by Lu et al. because King and Nielsen 6 have demonstrated that PSM may sometimes increase imbalance, model dependence, and bias. In addition to the matching variables, including age and sex of the household head, the woman's age and schooling level, rural residence, wealth quintiles and radio ownership, we added the education level of the household head and the year in which the interviewed occurred. To optimize the balance between the treated (with Mutuelles) and control (uninsured) groups and matched sample size, we plotted the matching frontiers for the three analyses (full data, nonKigali and ANC) to explore the maximum balance for each possible sample size.
Results
In Table 1 , we present the total sample size of the surveys and the number of women included in our analyses (matched and unmatched). In total we included 1913 and 1822 women in our unmatched and matched data analysis respectively. For ANC subgroup analysis we included 1850 and 1762 women for the unmatched and matched respectively while for sub-group analysis excluding Kigali, we included 1794 and 1716 for unmatched and matched analysis, respectively.
To check if there was selection bias in the enrollment of Mutuelles, we examined whether Mutuelles enrollees were more likely to experience childbirth than the uninsured population. Table 2 suggests that for interview years 2005 and 2008 Mutuelles enrollees and the uninsured population had similar proportions of birth delivery. However, we see in 2010 that Mutuelles enrollees had a higher probability of giving birth than the uninsured population. This suggests that Mutuelles enrollees were more likely to need the services of an SBA than the uninsured individuals for that year. This selection bias might lead to an over-estimation of the impact of Mutuelles in our un-matched analysis.
In Table 3 , we present summary statistics for variables used in the matched and unmatched analysis. We find on the average that Mutuelles coverage was 67.3% (95% CI: 65.1, 69.4%) while use of SBA at delivery was 63.5% (95% CI: 61.35, 65.6%). Average age of women in our study was 29 years, and 78% of women in the study had received some level of education. Overall, 15.8% of households represented in our study were headed by women, and poorer households were over-represented in this study.
Impact of Mutuelles on receiving care from SBA during delivery Table 4 presents the logistical regression results generated from the unmatched and matched data. We find that under the unmatched analysis, Mutuelles coverage has a significant high effect on the use of SBA, with odds ratio of 2.08 for women with out Mutuelles in the full analysis population, 1.96 in non-Kigali area, and 1.82 in women with access to ANC. Compared to Lu et al., 1.78, our unmatched estimates of the impact of Mutuelles on SBA are slightly higher.
However, when we conduct the matched analyses, presented in Table 5 , this effect of Mutuelles coverage on SBA reduces to a smaller effect, though still statistically significant. The OR is 1.15 for the full population, non-Kigali area and women with access to ANC. Interestingly, this effect is not tampered whether we match women with additional variables, such as wealth level, women's education level, and sex of the household head. This suggests that the effect from Mutuelles on SBA utilization is much lower than what was reported by Lu et al. (1.8) , and that these control variables that we initially hypothesized as effect modifiers in fact do not affect the estimates. 
Matching frontier
We present the matching frontier in Fig. 1a . The frontier plots for the three analyses show similar patterns of the reduction in imbalance for observations pruned happening early on, and that imbalance reductions plateau in the later range. Our main findings of the impact of Mutuelles on SBA utilization are represented in panel (b), suggesting that Mutuelles enrollment does in fact increase the use of SBA over nearly the entire range of pruning (except for when very small sample sizes are left). For all three analyses, the estimate ranges from 0.35 with few observations pruned and higher model dependence, to 0.10 with many pruned and lower levels of model dependence. The graphs also suggest that model dependence, measured with red intervals around the lines, decline as we increase pruning.
Discussion
Main finding of this study
We re-evaluated the impact of Mutuelles insurance coverage on SBA utilization in Rwanda from 2005 to 2010. Our findings indicate that although Mutuelles improves the likelihood of using SBA at delivery, the size of the effect is much smaller than previous estimates. In particular, we find that enrollment in Mutuelles increases the odds of having a SBA at delivery by 12-18%. This is much lower than the previously published estimate from Lu et al. 4 of 78-163%. We believe our findings to be more reliable than earlier estimates since we employed more rigorous methods to increase the validity of our estimates.
What is already known on this topic
In the period between 2005 and 2010, use of SBA at delivery in Rwanda increased from 39 to 69% and this increase is generally believed to be the effect of enrollment in Mutuelles health insurance, based on estimates from previous studies.
3,4 Our findings do not support this assertion. Rather our estimates suggest that Mutuelles insurance coverage plays an important but modest role in increasing the use of SBA at delivery in Rwanda.
What this study adds
Insurance coverage is just one out of many factors that could potentially influence use of SBA at delivery. Our study addresses some of these factors including wealth, educational attainment, sex of the household head, wealth and rural urban residence. We find that educational attainment, being in the poorest wealth quintile, and sex of the household head significantly influence use of SBA while rural/ urban residence, and age, have no significant effect on SBA use.
Interestingly, educational attainment seems to have estimates that are similar in magnitude and direction to the estimates for Mutuelles coverage. The odds of an educated woman using an SBA at delivery are 11-17% higher than an uneducated woman with similar characteristics. This is similar to the estimates for Mutuelles (12-18%) and therefore, highlights the potential impact on health of increases in female education in post-conflict Rwanda.
Our study is an improvement on previous studies as it adopts more rigorous matching methods to address the problem of model dependence. It also uses a larger sample size and covers a larger time span (10 years, three time points) compared to earlier studies. We achieve this by including the latest Rwanda Demographic and Health Survey. 3 We believe these factors help strengthen the validity of our estimates. Furthermore, we define the exclusion and inclusion criteria in detail to ensure consistency across the three datasets.
Limitations of this study
Due to limitations in the available data, we were unable to fully address certain confounders like income, travel distance to a health facility, and cultural practices. These factors have been shown to independently influence rates of SBA at delivery in sub-Saharan Africa. 7 Inclusion of distance as a measure of geographic access may further lower our effect size estimates. Our ANC sub-group analysis seems to support this as when we test for the impact of Mutuelles on SBA use given that a woman had access to ANC, we find that the size of the effect becomes lower suggesting that geographic access also plays a role in use of SBAs in Rwanda. Income is better than wealth as a predictor of health service utilization as wealth is not always easily converted to means of payment for services. In our study we use wealth quintiles as an imperfect proxy for income and we show that there is a significant difference in the use of SBA when comparing the poorest to the richest wealth quintiles. These limitations emphasize the need for prospective trials with better records and more relevant variables of interest to answer this question.
Our study supports existing literature by showing that enrollment in Mutuelles health insurance increases use of SBA at delivery but we also show that the impact of Mutuelles is far lower than previously published estimates. 
